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(54) HIgli vacuum die GflsHng 

(57) Apparatus and method for cfie casting a melal 
or alloy vvherein the metal w alloy is melted in a vac- 
cuum chamber (40) disposed about an end of a shot 
sleeve (24). The opposite end of the shot sleeve s com- 
municated to a die cavity between first and second dies 
(32,34) which are cfisposed 'm ambient air atmosphere. 
The dies have one or more vacuum seals (60) therek>e- 
tween extending at}0ut the die cavity to isolate the die 
cavity form the anibiert air atmosphere when the dies 



are dosed. A vacuum thereby is provided in the de cav- 
ity through the ^ sleeve when the vacuum chamber is 
evacuated despite the dies being disposed in ambient 
air atmosphera The first and second dies are opened 
after the metal or alloy is die cast in the cfie cavity for 
ready removal of the cast component from the die cavity 
directly to the eminent air atmosphere and then to an 
optionai quendttuflt medium proximate the dies. 
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Description 

FIELD OFTHE INVENTION 

[0001] The present invention relates to die casting of 
metals and aUpys and, more particularly, to vacuum die 
casting of metals and allays under relatively high vac- 
uum cfie caviy conditions. 

BACKGROUND OF THE INVENTION 

[0002] Titanium, ^ium k»sed alloy, nickel based 
alloy, and stairtess steel castings are used In large 
nuntbers in the aerospace industry. Many such castings 
are made kiy the wen knoHvn investment casting process 
wherein an appropriate melt is cast into a preheated 
ceramic Investment mold formed tiy the lost wax proc- 
ess. Although widely used, investment casting of cono- 
plex shaped components of such reactive materials can 
be characterized by relatively high costs and low yiekte. 
Low casting yields are attributable to several factors 
Including surface or surface-connected, void type 
defects and/or inadequate filling of certain nwld cavi^ 
re^ons. especially thin mold cavity regions, and assod- 
ated internal void, shrinkage and Oke defects. 
[OOOq t^er cost casting of reactive metals and 
alloys such as titanium and ftanium and nickal based 
alloys using pennanent reusable, nwlti-part metal 
molds based on iron and titanium is described in Cohnn 
U.S. Patent 5 287 910. Casting of ahinrwum, copper, 
and iron based castings using pennanent metal moUs 
is descrflsed in U.S. Patent 5119 865. 
[0004] It Is an object of the present invention to pro- 
vide die casting apparatus and method for casting met- 
als and anoys. especially metals and alloys reactive to 
oxygen, under relatively hi^h vacuum die cavity condi- 
tions. 

[0005] It is another object of the present invenbon to 
provide die casting apparatus and method for casting 
metals and alloys under relatively high vacuum (fie cav- 
ity conditons followed by removal of the die cast compo- 
nents from the dies to the an*ient atmosphere and 
quenching of the components in a quenchant medium 
proximate the die& 

SUMMARY OF THE INVENTION 



second dies are opened after the metal or alloy is die 
cast in fte die cavity foDowed by rentoval of the cast 
component from the die cavity directly to the antbient 
a tmosphere or to an opttonal quenchant medium pnad- 

5 mate the dies. 

[0007] The present Invention envisions in one embod- 
iment ewacuafing the die cavity to a vacuum level of less 
than 1000 microns through the shot sleeve, introducing 
a reactive molten metal or altoy, such as a titanium, tita- 

10 mm based alloy, nickel based superalloy. and iron 
based alk>y. into the shot sleeve in the vacuum melting 
chaiTijer preferably in an amount that occupies less 
than 40 volume %. such as about 8 to about 1 5 volume 
%, of the effective intemat shot sleeve volume, and then 

IS advancing the plunger to inject the reactive molten 
metal or aDoy into the sealed, ek«cuated die cavity 
where at least the outer surface of the cast component 
can solidify before opening of the dies to break the vac- 
uum seal(s) and expose the cast component to ambient 

20 air atmoqshere for removal from the die and opttonal 
quenching in a quencfiant mecfiurrt 
[0008] The present invention envisrans in another 
entxxfimenl pacing a plug in the shot sleeve prior to 
introduction of the metal or aOc^ tocated downstream of 

25 the shot slee/e melt inlei such that the plug improves 
mong of the shot sleeve with the proper volume of mol- 
ten metal or alkiy needed to fil the die cavity. The plug 
is advanced toward the die cavity as the plunger pres^ 
sure injects the rfidten metal or alloy in the die cavity 

30 The plug ismoved by advancement of the plunger into a 
plug-recoving chairiber out of the way of the die cavity 
so as ncA to interfere with injectton off the moltwi medal 
or alloy in the die cavity. 

[0009] In the die casting of an oxygen reactive molten 
35 metal or alloy having a melting point greater than about 
2000 degrees F. the shot sleeve and the plunger, or 
optional disposable plunger tip. contacting the molten 
metal or aBoy can be made of an iron based material, 
such as H-IS tool steel, a refractory material such as 
40 Mo based alloy or T23^ alloy, ceranuc material such as 
alumina, or combinations thereof. 
IPOlO] Details of the present invention will become 
more readly apparent from the fblkiwing detailed 
description taken with the fbltowing drawings. 

45 

DESCRIPTION OF THE DRAWINGS 



[0006] The present invention provWes apparatus and 
method for die casting a metal or alloy wherein the 
metal or aDoy is melted in a vacowm chamber disposed so 
about an end of a shot sleeve. The shot sleeve includes 
an opposite end commiwiicated to a die cavity defined 
between first and second dies that are located outside 
the vacuum chamber in anrtbient air atmosphere. One or 
more high temperature vacuum seals is/ar provided ss 
between the cfies about the die cavity such that a vac- 
uum is provided In the die cavity through the shot sleeve 
when the vacuum chamber is evacuated. The first and 



lOOII] 



Rgiire 1 is a side elevation, partially in section, of 
die casting apparatus for practicing an embocfin^ 
of the present invention wHh the shot sleeve vac- 
uum chamber shown broken away 

Rgure 2 is an enlarged elevational view of the sta- 
tionary die showing a vacuum 0-ring seal disposed 
In a groove in the die to seal against the other die 
whoi the cfies are closed to isolate the die cavity 
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from aifiiMent air atmospher . 

Figure 3 is a side ele^n, partiaey in section, of 
another die casting apparatus for practicing another 
enixxfiment of the present invention wherein a s 
floating plug is positioned in a longer shot sleeve 
prior to introduction of molten metal or alhijr therein. 



DETAILED DESCRIPTION OF THE INVENTION 
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[0012] Relemng Id Figures 1-2, die casting apparatus 
in accordance with an entotimem of the present inven- 
tion is shown for die casting a metal or alloy such as 
espedaliy titanium and titarmim k>ased alloys that are 
highly reactive ¥wth oxygen, under relatively high vac- is 
uum conditions in the die cavity despite the dies b«ng 
disposed exkeriony In ambient air atmopshere The 
apparatus also can t>e used to die cast nickel, cobalt 
base and other si4)eralloys, iron based alloys such as 
stainless steels, and other metals or alleys under rela- so 

tively high vacuum conditions in the die caviQr. 
[0013] ThediecasfingapparatuscomprisesabaselO 
which defines therein a resovoir 10a for hydrauTic fluid 
thatisused by hydraufic actuator 12 to open and dose 
tiie fixed and movable die platens 14, 16. The platen 16 2S 
is disposed for movement on stationary tie bars or rods 
18 and has a die 34 disposed thereon. A die clamping 
linkage mechanism 20 is connected to the movable die 
platen 16 in conventional manner not consklered part of 
the present invention to open/dose the movable die 34 so 

relative tofixed die 32 disposed on platen 14. For exam- 
ple, a conventional die casting machine avaBable as 250 
ton HPM #73-086 from HPM. Oeveland. Ohio, indudes 
such a base 10, actuator 12. and die platens 14, 16 
mounted on tie bars 18 and opened/dosed by de 3S 
danping linkage mechanism 20 in the manner 
described The die casting machine mdudes a gas 
accumulator 21 for rapid feeding of liydraulic fluid to the 
plunger mechanism 

[0014] The die c^ng apparatus comprises a tubular. 40 
horizontal shot deeve 24 that commuracates to a die 
cavity 30 defined the dies 32. 34 disposed on the 
respective <Se platens 14. 16. One or more die cavities 
can be fomned by dies 32, 34 to die cast one or rhore 
conponenls. The shot sleeve 24 has an discharge end 4S 
section 24a that communicates witti the entrance pas- 
sage or gate 36 to the one or more die cavities 30 so 
that molten metal or alloy can be pressure injected 
therein. The entrance passage or gate 36 can be 
machinedin1hestationarydie32orthennovabledie34. so 

or t)Oth. 

[0015] The discharge end section 24a of the shot 
sleeve 24 extends through a suitabi passage 24b in 
the stationary platen 14 and die 32 as iDustrated in Fig- 

ur 1. ^ 
[0016] The shot sleeve 24 extends through die 32 into 

a vacuum melting chamber 40 where the metal or altoy 

to be die cast is melted under relatively high conditions 



such as less than 1000 microns required by titanium 
and Its alloys, sudi as Ti-6A1^V, which are highly reac- 
tive to oxygen in ant>ient air at ela^ted temperatures. 
The vacuum charrber 40 is defined by a vacuum hous- 
ing wall 42 that extends about and encompasses or sur- 
rounds the opposite charging end section of the shot 
deera 24 receiving the plunger 27 and the plunger 
hydraulic actuator 25. The vacuum chamber 40 is ©«c- 
uated by a conventional vacuum pump P connected to 
the chantier 40 by a conduit 40a. The base 10 and tiie 
vacuum housing wall 42 rest on a conaetefloor or other 
suitable suf^rt 

igoiT] The chamber wall 42 is airtight sealed with tiie 
fixed platen 14 by a peripheral airtight seal(s) 43 located 
therebetween so as to seafingly endose ttie shot deere 
24 and a pair of side-by-side stationary, horizontal shot 
deeve/^lunger support members 44 (one shown) 
octencfing through chamber wall 42. Such shot 
deera/lplunger support members are provided on the 
aforementioned conventional die casting madiine (250 
tonHPM#73-08Q. 

lOOiq A plunger 27 fe disposed m tiie shot deeve 24 
for movement by plunger acutator 25 and plunger con- 
nector rod 27b between a start injection position located 
to the right of a melt entry or inlet opening 58 in shot 
deeve 24 and a finish Section position proximate tiie 
die errtiance gate 36. The melt inlet opening 58 commu- 
nicates to a metal (ag. steeQ melt-recdving vessd 52 
mounted acQacent the fixed platen 14 on the shot deeve 
24 by damps, such as screw danps (not shown). The 
melt-receiving vessd 52 is disposed beneath a melting 
crudble 54 to receive a charge of molten me^ or aDoy 
ttierefrom for die casting. 

[0019] The mdtingcnictoie 54 m^t>e a conventional 
induction skull crucfole compridng copper segemenls in 
which a charge of sold metal or aDoy to be die cast is 
charged via vacuum port 40b and melted by energiza- 
tion d mducfion coils 56 disposed about tiie mxMe \n 
conventiond manner in ttie chantber 40. Known 
ceramic or refractory fined cru<*les also can be used in 
practicing tiie present invention. The crucWe 54 can be 
tilted by rotation about crucible tnjnnions T using a con- 
ventional hydraulic declrical or ottier actuator (not 
shown) disposed outside the vacuum charnber 40 and 
connected to the cnictble Ijy a suitable vacuum seded 
finkage extending from tiie actuator to the crudbte. The 
cnjcble is tilted to pour tiie molten metal or alloy charge 
into tite meh-receving vessd 52. which is communi- 
cated to the shot deeve 24 via opening 58 in tiie shot 
deeve wall. The molten metal or aDoy charge is intro- 
duced tttfough opervng 58 into tiie shot deeve 24 in 
front of the plunger tip 27a. 

[0020] In practicing an embodiment of ttie present 
invention, tiie molten metal rdloy charge is introduced 
into tiie shot deeve In an amount ttial is less than 40 
vdume % of ttie effective internal volume of the shot 
deeve defined m front of tiie plunger tip 27a and extend- 
ing to the entrance or gate 36 d the die cavity PreSera- 
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Wy the amount of molten metal or alloy ocapies less 
than 20 volume %. and ©ren more preferal)ly from atxnit 
8 to at)0ut 1 5 volume %. of the effective internal volume 
of the shot slee»/e. Such a relatively low volume of mol- 
ten charge relative to the shot sleeve interna! volume 
provides a relatively low molten charge profile in the 
shot sleeve fi-e. tiie molten charge fies more along the 
bottom of the shot slee^) to thereby reduce the contact 
area and contact time of the high temperature molten 
charge with the plunger tip 27a and resultant swelling of 
the plunger tip pria to melt ir^ ection into the mold cavity. 
[0021] Ttie plunger 27 is moved from the start injec- 
tion po^on to ^e fmfeh ir^ ection position by a conven- 
tional hydraulic actuator 25 that for example, b 
protnded on the atoremenfioned conventional cfie cast- 
ing machine (250 ton HPM #7M86). Typical plunger 
speeds are in the range of 50 to 300 feetfeeoond. Racfial 
clearances between the shot sleeve 24 and the plunger 
tip 27a are in the range of about 0.0005 inch to 0.020 
Inch. A preferred radial dearance between the shot 
sleeve 24 and the plunger tip 27a is about 0.008 inch. 
[0022] In die casting titanium, titanium based aHoys, 
nickel base superalloys, and iron based alloys, the shot 
sleeve 24 and Ibnwand plunger tip 27a contacting the 
molten metal or aDoy can be made of an iron based 
material, such as H-13 tool steel, or a refractory male- 
rial such as based on Mo alloy or TZM aloy. ceramic 
material such as alumina, or comfcrinations thereof that 
are compatible with the melal or alloy being melted and 
die cast The plunger tip 27a can comprise a disposable 
tip that is thrown awsy after each molten met al or al loy 
charge is injected in the die cavity 30. A disposable 
plunger tip can comprise a copper based alloy such as 
a copper-beryllium alloy (ag. D340 alloy), which is 
especially suitable for die casting A380 alunnnum alloy. 
[0023] In die casting titanium, titanium based alloys, 
nickel base superalloys, and iron based alloys, the dies 
32. 34 can be made of steel and/or titanium pursuant to 
Ccilvin U.S. Patent 5 287 910, although other die nele- 
rials may t>e used in practicing the invenliort 
[0024] Referring to Rgure 1. the first and second dies 
32, 34 are disposed outside the vacuum melting cham- 
ber 40 in antiient air atmosphere. That is. exterior sur- 
faces or sides of the dies 32, 34 are exposed to ambient 
air atmosphere. 

[002^ Pursuant to the present invention, when the 
dies 32, 34 are closed, ttie die cavity 30 defined there- 
between is communicated to the vacuum chamber 40 
via the shot sleeve 24 and can be eimcuated through 
the shot sleeve. 

[0026] The stationary die 32 typlcafly includes one or 
more grooves 32a on its inn» face 32b (on groove 
. shown in Figure 2) that mates with the opposing inner 
face of the movable die 34 when the dies are closed. 
The groove(s) 32a encircle r extend about th di cav- 
ity 30 as well as gate 36 and a melt discharge opening 
oommuicated to gale 36 and deTined by shot sleeve end 
24a. The groove 32a receives a rosPent reusable high 



tenperature 0-rlng vacuum seal 60 for seafing in vac- 
uum tight manner against the mating face of the mova- 
ble die 34 when the dies are closed. Alternately, the 
seal(s) 60 can be disposed in grooves on the mating 
5 face of the movable die 34. or they can be disposed on 
the mating faces of both dies 32. 34. so as to fonti a vac- 
uum tight seal about and isolating the die cavity 30. gate 
36 and shot sleewe end 24a from the ambient air 
atmosphere sunounding the exterior of the dies 32. 34 
10 when closed. A series of several grooves and 0-ring 
seals can be provided progressively outwardly relative 
V to the die cavity perimeter to form a plurality of vacuum 
tight seals. The vacuum seals 60 may comprise Viton 
material that can wilhstand temperatures as high as 400 
IS degrees F that may be present when tiie die cavity 30 is 
filied witti molten metal or alloy. 
(00271 By use of vacuun seals 60, the die cavity 30 is 
isolated from the ambient air atmosphere when the dies 
32. 34 are closed and enables the die cavity 30 to be 
20 evaomted through the shot sleeve 24 when the vacuum 
melting chant>er 40 is evacuted to high vacuum levels 
of less than 1000 microns employedformeltmg the solid 
charge in the crucible54. 

[0028] inoperationofffhedlecastingappaiatusofFig- 
25, ure1. a soGd metal or alloy is charged into the crocfcle 
54 in the vaccuum melting chamber 40 via port 40b. The 
vacuum chamber 40 then Is evacuated to a suitable 
level for meWng the particular charge (such as less than 
100 microns; e.g.90 microns, for titanium and its alloys 
30 such as ri-6AI-4V allpy. nickel base superalloys. and 
stainless steels) by vacuum pump P. The die cavity 30 
tomied by the closed dies 32, 34 is concun^entiy evacu- 
ated to the same vacuum Iwel through the connection 
to the vacuum melting chamber 40 via the shot sleeve 
35 24 and virtue of being isolated from sunwnding 
anixent atmosphere by the vacuum seal(s) 60. 
[00291 The molten charge of the metal or alloy in cnj- 
dble 54 is poured under vacuum into the sholsleeve24 
via the vessel 52 and m« inlet operwig 58 with the 
40 plunger 27 initiaOy positioned at the start injection posi- 
tion of Figure 1 . As mentioned above, the molten metal 
orally Charge is introduced into the shot sleeve in an 
amount that is less than 40 volume % of the effective 
internal volume of the shot sleeve Preferably the 
45 amount of molten metal or aDoy occupies less tiian 20 
volume %, and even more preferably from about 8 to 
about 1 5 volume %, of the effective internal volume of 
the shot sleeve. The molten metal or aDoy is poured into 
the shot si eeve 24 and resides therein for a preselected 
so dwell time of between 0.005 seconds and 4 seconds, 
typically only 0. 1 second to 1 .5 seconds, for the purpose 
of Insuring that no moltai metal gets behind the plunger 
27. The melt can be ploured directty from the crucible 54 
via vessel 52 into the shot sleeve 24, thereby redudng 
55 time and metal cooling befor injection can begia 
10030] The plunger 27 then is advanced in the shot 
sleeve 24 tiy actuator 25 to pressure inject the molten 
metal OLaflcv into the cfie cavity 30 via entrance pas- 
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sage or gate 36. The molten metal or allp/ is forced at 
Ngh velocities, such as up to 150 inches per second, 
down the shot sleeve 24 and into sealed, evacuated die 
cavity 30. 

[0031] After the molten metal or alley has been 
ir^ ected. the dies 32. 34 are opened by movement of die 
34 relative to die 32 wHhin a typical time period tftat 
range from 5 to 25 seconcte follCMnng injection to provide 
enough lime for the molten metal or alloy to form at least 
a sdicffied surface on the die cast con^ent(8). The 
cfies 32. 34 then are opened to aBowr ready removal of 
the die cast component(s) from the dies. A conventional 
Rector pin mechanism (not shown] provided on the 
aforementioned HPM die casting machine and not form- 
ing a part of the invention helps eject the die cast com* 
porient(s} from the cfies. Removal of the die cad 
component(s) can be made directly from the dies 32, 34 
simplyt>yopening the dies without further coofing of the 
cast cornponent(s). This Is advantageous to increase 
production output off die cast c o mp o nent s . When the 
(fies are opened, the vacuum seal(s} 60 is/iare broken, 
and the cast conponentts) is/are exposed to annbient 
' air atmosphere and optionaOy can be quenched in a 
quenchant medium M. such as water, oil and the liKe, 
located prow'mate the open dies 32, 34. 
[0032] Referring to Figure 3 wherein like or similar fea- 
tures are represented by like reference numerals, the 
present invention envisions in another en43odiment 
placing a floating plug 70 in a longer shot sleeve 24 prior 
to introdudfon of the metal or altoy from crudUe 54. The 
plug 70 initially is k>cated downstream of the melt inlet 
opening 58 to improve fOling of the shot sleeve 24 
between the plug 70 and the plunger tip 27a with the 
proper vdume of molten metal or alloy needed to fiO the 

die cavity 30. 

[0033] The plug 70 is advanced towaid the die cavity 
30 as the plui^er 27 pressure injects the molten metal 
or alloy in the de cavity 30. The plug 70 is moved by 
advancement of the plunger 27 into a plug-receiving 
chanter 72 fomned in the movable die 34 out of the way 
of the die cavity entrance passage 36 so as not to inter- 
fere with injection of the nwHen metal or aDoy in the die 
cavity The plug 70 can comprise steel for titanium and 
its alloys and other high melt temperature metal which is 
resistant to readfon with the particular molten metal 
being die cast The plug 70 is cfimensioned such that it 
will stay in place dumg sleeve filling with molten metal 
from the vessel 52 and remain ahead of the ir^eded 
metal unt3 it rests in channber 72. 
[0034] tn practicing the entxxiiments of the invenftm 
desabed above, the temperature of the dies 32. 34 can 
be controlled within desired ranges to provkle die t m- 
peratures in the range of 100-700 degrees R F r exam- 
ple, the dies 32, 34 can be preheated prior to the start of 
ir^ecti n of molten metal or aDoy therein by one r more 
conventional gas flame burners or electrical resistance 
heating wires operaUy associated with the dies to this 
end. The dies 32. 34 can be cooled by water cooling 



conduits (not shown) formed internally of the dies and 
through which cooing water s circulated to control die 
temperature as die cast components continue to be 
made and the dies heat ip. The shot sleeve ^4 similarly 
5 also optionally can k>e heated or cooled to control shot 
sleeve temperature within a desired range such as 1 00- 
700 degrees F by similar gas flame bumers or electrical 
resistance wires or water coofing passages in the shot 

10 [P03S) For die casting of T\ and titanium alloy parts 
pursuant to an emtxxfiment of the pesent invention, a 
charge of molten titanium or an alloy thereof such as Ti- 
6 AMV. comprising from 5 to 1 0 pounds of melt at a melt 
temperature typically equal to the metal or alley melting 

15 point plus 50 degrees F (e.g. about 3080 degrees F for 
. Th6AI'4V) can t>e introduced into shot sleeve 24 having 
a length of 16.5 inches and dtameter of 3 inches. The 
molten charge occupies atxxit 9-10 volume % of tfie 
effective internal volume of shot sleeve 24. which 

20 includes therein a copper-berytium plunger tip having a 
radial clearance of 0.002 inch with the shot sleeve. The 
plunger moves at a mininum of 1 25 inches per second 
to ir^ the charge into the die cavity defined beiween 
the dies 32, 34 which can be preheated to 300 degrees 

25 E Nickel base superaltoys can be die cast pursuant to 
the invention using similar parameters with a melt tem- 
perature equal to the altoy melting point plus 75 degrees 
F. Stainless steel 17-4 PH can be die cast pursuant to 
the invention using similar parameters with a melt tem- 

30 perature equal to the altoy melting point plus 25 degrees 
F, 

10036] The invention can be used to die cast oompIeK 
shaped or configured components such as gas turtnne 
compressor vanes and bHades made of nickel base 

3S superaOoys, such as for example only IN 718 nickel 
base si4>eralloy, for the compressor section of a gas tur- 
bine ofigine as weD as golf dUb putters made of stain- 
less steel, such as 17-4 PH stainless steel and 
amorphous alfoys. as weO as a wkle variety of other 

40 components. 

I0O37] From the above it can be seen that the present 
Inventton also relates to a method of die casting titanium 
or an aHqy thereof , said method comprising 

45 (a) melting titanium or an alloy thereof in a vacuum 
chamber communicated to a die cavity by a shot 
sleeve to form a melt, evacuating the vacuum 
channt>er and the die cavity through the shot sleeve 
to less than 1 000 nrucrons while seafing the die cav- 

30 i^ from ambient air atmosphere by vacuum seal 
means t)etween said dies. 

(b) introdudng the melt into the shot sleeve in an 
amount less than about 20 volume % of the effec- 

ss tive internal volume of the shot sleeve, 

(c) advancing the plunger toward the die cavity to 
pressure ir^ect the melt into the sealed, evacuated 
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die cavity to form a die cast component and 

(cfl) opening the cfies to remove the (fie cast compo- 
nent from the die cavity directly to ambient air 
atmosphere. 

[0038] Preferably, the melt is introduced into the shot 
sleeve in an amount of about B to about 1 5 volume % of 
the eflective interred volume of the shot sleeve. 

Claims 

1. Die casttig apparatus, comprising: 

a) fiist and second dies that are <fisposed in 
anient air atmosphere and define a die cavity 
therebetween when the dies are dosed. Indud* 
ing a vacuum seal between said dies to isolate 
said die cavity from the ambient air atmosphere 
when said dies are dosed. 

b) a shot sleeve comnunicated at one end to 
the die cavity and having another end with a 
melt inlet communicated to a vacuum chamber, 

c) a melting vessel disposed in the vacuum 
chamber for melting a metal or alloy that Is 
introduced through said melt inlet into sad shot 
sleeve ahead of a plunger that is nmable in 
said shot sleeve. 

d) means for evacuating the vacuum chamber 
when the molten metal or alloy is melted in said 
mating vess^ such that said die cavity is con- 

oOTently evacuated through said shot sleeve 
by virtue of said die cavity being isolated from 
ambient atmosphere by S£ud vacuum seal, 

e) said plunger being movable in said shot 
sleeve to inject the molten metal or alloy into 
said die cavity, and 

Q means for opening the dies after the molten 
metal or alloy is injected therein to permit 
removsd of a die cast component from the die 
cavity directly into the ambient air atmosphere. 

2. The apparatus of daiml wherein said vacuum seal 
comprises 0-ring seal on at least one die and 
extending about the <fie cavity, a gate and a melt 
(fischarge opening convnunicated to said gata 

3. The apparatus of dsum 1 wherein said vacuum 
dianter and die cavity are evacuated to less than 
1000 microns. 

4. The apparatus of daim 1 wherein radial dearance 
between the plunger and shot sleev is between 



£bout 0.0005 inch and 0.020 inch. 



5. The apparatus of daim 1 wherein said melting ves- 
sel introduces a charge of the molten metal or alloy 

5 that occupies less than 40 volume % of the effective 
intemal volume of the shot sleeve. 

6. The apparatus of daim 5 wherein the charge of the 
molten metal or alloy occifiies about 8 to about 15 

10 volune % of ttie effective intemal volume of the 
shot sleeve. 

7. The apparatus of dam 1 further induding a plug 
dsposed in said shot sleeve downstream of said 

IS meft inlet, said pli^ being moved by plunger move- 
ment through said shot sleeve toward said die cav- 
ity. 

8. The apparatus of daim 7 wh^ein one of said dies 
20 indudes a chamber for receive said plug when 

said molten metal or allpy is injected in said die cav- 
ity. 

9. The apparatus of daim 1 wheren sad shot sleeve 
25 and sad plunger comprise a material selected from 

the group consisting of an iron based materia!, a 
refractory nttrterial. and cerarnic material and corn- 

binations thereof. 

30 ia The apparatus of daim 1 wherein said plunger 
indudes a disposable plunger tip. 

11. The apparatus of daim 11 wherein the plunger tip 
comprises a copper based alloy. 

35 

12- The apparatus of daim 1 induding means for con- 
trolling tiie tenrperalure of at least one of said dies 

and said shot sleeva 

40 13. The apparatus of daim 1 wherein said vesselis dis- 
posed adjacent a fixed die platen. 

14. A method of die casting a reactive metal or sSkj^, 
comprising 

45 

a) mdting a reactive metal or all(^ in a vacuum 
ctamber communicated to a die cavity defined 
by dies disposed in ambient atmosphere by a 
shot sleeve. 



so 



ss 



b) evacuating the vacuum chamber and the die 
cavity tiirough the shot sleeve while seafing tiie 
die cavity from ambient air atmosphere by one 
or more vacuum seals between said cfies, 

c) introducing tiie melted reactive molten metal 
or alloy into the shot sleeve ahead off a plunger 
in an amount less than atwut 40 volume % of 
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the effective internal volume of the shot sleeve, 

d) advancing the plunger toward the die cavity 
to inject the reactivB molten metal or alloy into 
the sealed, evacuated die cavify to form a de s 
cast component* and 

e) opening the sealed dies to remove a die cast 
component from the die cavity directly to anibi- 
ent air atmosphere. 



70 



15. The method of daim 14 wherein the reactive metal 
or alloy is selected from the groi^ consisting of tita- 
nium, titanium alloy, superaOpy, superailpy. and 
stainless steel. 

16. The method of claim 14 indudng the additional step 
of quenching the die cast component in a quen- 
ctiant medium after removal from the dies. 

20 

17. The method of daim 14 wherein the melted reactive 
molten metal or aDoy is introduced into the shot 
sleeve in an amount less tfiah about 20 volume % 
of the effective internal volume of the shot sleeve. 



18. The method of daim 14 wherein the melted reactive 
molten metal or aDoy is introduced into the shot 
sleeve in an amount of about 8 to ^ut 1 5 volume 
% of the effective internal volume of the shot sleeve. 

50 

19. The method of daim 14 indudng pladng a plug In 
the shot sleei^ ahead of the plunger prior to \mo- 
duction of the molten metal or alloy and advancing 
the plug towaid the dies wHh the molten metal or 
aHoy between said plug and said plunger. as 

20. The mettiod of daim 19 indudng advandng the 
plug into a chami)er formed in one of said des in a 
marmer not to interiere with irqecfion of the molten 
metal or aDoy in the de cavity. 40 

21. The method of daim 14 wherein the vacuum cham- 
ber and the de cavity are evacuated to less than 
1000 microns when the reactive metal or alloy Is 
selected from oo^gen reactive titanium and titanium 4s 
based alloy. 
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